X.1 Introduction
Electron paramagnetic resonance (EPR) spectroscopy using spin probes has been widely recognized as a convenient and powerful means to obtain direct information 20 on the molecular dynamics and microenvironment in various diamagnetic host materials. Particularly, the use of organic nitroxide radical compounds as spin probes has proved to be of great advantage to obtain the information concerning molecular local structure, mobility, micropolarity, acidity, and redox status in the various condensed phases of host organic materials [1] , because of the existence of 25 the established analytical methodologies using EPR spectroscopy. For example, the EPR spectroscopy using nitroxide spin probes has been one of useful techniques for investigating the physical properties of organic liquid crystalline (LC) materials as the representative organic soft materials, such as the orientational order [2] , anisotropic interactions between non-LC solutes and LC solvents [3] , fluctuation of 30 director [4, 5] , anisotropy of molecular rotation [6, 7] , elastic behavior [8], and biaxiality [9] . In this context, a number of reports have been documented for the EPR studies using easily available non-LC nitroxide spin probes dissolved in diamagnetic host LC materials. In contrast, very few LC nitroxide spin probes were developed, due most likely to the difficulty in the molecular design and synthesis 35 which must satisfy the molecular linearity or planarity necessary for the existence o f LC phases and the radical stabilization at the same time, although LC spin probes are anticipated to be more compatible with host LC materials than non-LC ones.
In this chapter, first we briefly survey both non-LC and LC nitroxide spin probes which have been used for the EPR studies of diamagnetic host LC materials. Then 40 the molecular alignment studies and the observation of unique magnetic interactions by EPR spectroscopy in the various LC phases of second-generation of rod-like nitroxide radical materials, with and without using a surface-stabilized LC cell, are presented. From these studies, it would be well understood that EPR spectroscopy is an excellent tool for analyzing the magnetic properties of LC nitroxide radical soft materials at high temperatures, for which SQUID magnetization measurement is not suited. In this article, we do not use the term 'spin-labelled LC materials', because 5 the nitroxide radical unit in the second generation of LC nitroxide radical materials plays an important role in determining the molecular dielectric anisotropy as well as serving as the spin source. 
X.2 Non-LC nitroxide spin probes in diamagnetic LC hosts
As spin probes used in diamagnetic host LC materials, nitroxide radical materials such as 1-5 have been employed ( Figure 1 ) [2-4, 10, 11] .
The use of nitroxide spin probes provides three important parameters characterizing EPR spectra; the g-value which is inversely proportional to the 15 resonance magnetic field (H0), the nitrogen hyperfine coupling constant (A), and the line-width (H). For instance, an EPR spectrum of a nitroxide radical molecule dissolved in a diamagnetic host LC material is schematically shown in Figure 2 . Since any motion of the nitroxide radical molecule is greatly influenced by the molecular dynamics of the surrounding host molecules, the orientational order 20 parameters (S) and rotational correlation times (R), which characterize the molecular motion of the spin probe, are generally derived from these parameters according to the following theoretical equations [2] . (1) where the subscripts x, y, and z refer to the principal axes of the a-and g-tensors 25 determined in the rigid limit and <a> and <g> are their respective averages. (2) where e is the electron Bohr magneton, ħ is Plank's constant, I is the peak amplitude, and the subscripts +1, 0, -1 are nuclear quantum numbers for 14 N. Hpp0 is the peak-to-peak line-width of the centerline. The values of giso and b are calculated from the parameters for the immobilized spin probe:
10 Figure 2 Temperature (T) dependence of orientational order parameters (S) obtained from the EPR spectrum of a nitroxide radical molecule dissolved in a diamagnetic host LC material. TI-N and TN-A denote the Iso-N and N-SmA phase transition temperatures in the cooling process. Generally, S gradually increases with decreasing temperature and abruptly increases at the phase transition to result in a more ordered phase. 15 Evila et al. performed the EPR study on the order parameters and molecular dynamics using spin probe 2 in a reentrant nematic (RN) liquid crystal mixture, 6OCB-8OCB [10] . The order parameter is shown as a function of temperature in the different phases ( Figure 3 ). The ordering decreases slightly at the N-SmA and SmA-RN transitions in the cooling run. 20 Figure 3 Molecular structures of 6OCB and 8OCB, and order parameter for spin probe 2 in a mixture of 6OCB and 8OCB. Ref. 10. Although the EPR spin probe method is an excellent technique, non-LC spin probes may actually cause phase separation when they are mixed with the host LC materials [12] . In this case, the true molecular dynamics and microenvironment in the host LC phases cannot be evaluated. In fact, although this is another type of soft materials, the studies using the ionic liquid imidazolium nitroxide radical ( ±)-6 as an 5 EPR spin probe revealed that the R value of (±)-6 in the host ionic liquid 10 became much smaller than that simply estimated from the viscosity  of 10, implying the existence of local structures in the host ionic liquid [13] (Figure 4 ). This behavior was not observed when typical neutral nitroxide spin probes such as TEMPO were employed with the same host 10 [13, 14] . Accordingly, it is desirable to use an LC 10 spin probe in a diamagnetic host LC material. 15 Since two or more different materials showing the same LC phase are generally miscible, LC nitroxide radical materials could be used as appropriate spin probes for the diamagnetic host materials showing the same LC phase. 20 Only a few rod-like LC nitroxide radical materials containing a DOXYL or TEMPO group within the terminal alkyl chain had been synthesized until 2003 ( Figure 5 ) [15] [16] [17] [18] [19] [20] . Dvolaitzky et al. synthesized the first LC nitroxide radicals 11-13 showing several smectic phases [15] [16] [17] . The EPR spectra of the spin probe 12 dissolved in diamagnetic host LC materials changed at LC-to-LC phase transition [15] . However, 25 as long as the LC nitroxide radical materials illustrated in Figure 5 were employed as spin probes, it is difficult to determine the exact direction of molecular alignment of the spin probes and host materials to the applied magnetic field, due to the free rotation of the nitroxide radical unit inside the molecule and the possible phase separation (see Section X.2). 
X.3 LC nitroxide spin probes in diamagnetic LC hosts

X.3.1 First-generation of rod-like LC nitroxide radical materials
X.3.2 Second-generation of rod-like LC nitroxide radical materials
In 2004, the design and synthesis of a new type of chiral LC nitroxide radical 5 materials 18 ( Figure 6 ), which could satisfy the following four requirements and showed chiral (or achiral) nematic [N* (N)] and/or smectic C [SmC* (SmC)] phases at wide temperature range below 90°C, were reported by the present authors [21] [22] [23] [24] . Figure 6 Molecular structure of the second-generation of rod-like LC nitroxide radical materials 18 with a radical unit in the core portion. 10 (1) Spin source: A nitroxyl group with a large electric dipole moment (ca. 3 Debye) and known principal g-values (gxx, gyy, gzz) should be the best spin source, because i) the dipole moment is large enough for the source of the spontaneous polarization (Ps) and ii) the principal g-values are useful to determine the 15 direction of molecular alignment in the LC phase by EPR spectroscopy ( Figure  7 ). (2) High thermal stability: A molecule with 2,2,5,5-tetraalkyl-substituted pyrrolidine-1-oxy (PROXYL) unit is stable enough for repeated heating and cooling cycles below 150 °C in the air. 20 (3) Molecular structure: (a) To avoid the free rotation of the nitroxide radical unit inside the molecule so as to maximize the para and , a geometrically fixed chiral cyclic nitroxide radical unit should be incorporated into the rigid core of LC molecules. (b) To obtain a slightly zigzag molecular structure and a negative  advantageous for the appearance of a ferroelectric SmC* phase, a which the electric dipole moment orients to the molecular short axis is the best choice ( Figure 7 ). (4) Chirality: Since both chiral and achiral LC materials are required for comparison of their optical and magnetic properties in the various LC phases, the molecules should be chiral and both enantiomerically enriched and racemic 5 samples need to be available. 
X.4 Magnetic properties of second-generation of rod-like LC nitroxide radical materials
When the concentration of a nitroxide spin probe in a diamagnetic host material is low enough, the conventional methodologies to estimate the orientational order of 25 the spin probe by using H and A values can be employed. In contrast, when the nitroxide radical material is not diluted by the diamagnetic host material, the radical spin-spin interactions prevail over the hyperfine coupling interactions between electron and nuclear spins, resulting in the H increase and the loss of hyperfine coupling structure [26] (Figure 9 ). In this case, orientational order and intermolecular magnetic interactions can be evaluated by analysing the g-values and 5 H change, respectively. In this section, the following four current findings by the present authors are described: (1) The principal g-values (g// and g⊥) and molecular orientation of the LC nitroxide radical molecule 18b (m=8, n=7) confined in a surface-stabilized LC cell were determined by EPR spectroscopy [27] . (2) The magnetic-field-induced 10 molecular orientation in the bulk nematic and SmC phases of (±)-18c (m=n=13) was determined by EPR spectroscopy [28] . (3) The unique spin glass-like intermolecular ferromagnetic interactions ( J > 0 ), which were referred to as positive "magneto-LC effects", were found to generate in the various LC phases of 18 in weak magnetic fields by EPR spectroscopy and SQUID magnetization measurement [29, 30] . (4) 15 The existence of anisotropy in the intermolecular ferromagnetic interactions responsible for the positive magneto-LC effects was proved by the measurement of the electric field dependence of molecular orientation and magnetic interactions in a surface-stabilized ferroelectric LC cell of (S,S)-18c showing an SmC* phase. 20 Figure 9 A typical EPR differential curve measured for an LC phase of nitroxide radical materials 18. Peak-to-peak line width (Hpp), intensity, and resonant magnetic field of the spectrum reflect the static and dynamic properties of the LC phase of 18.
25
X.4.1 Molecular orientation in the N and N* phases confined in a surface-stabilized LC cell
It is well-known that the orientation of LC molecules can be controlled by using a surface-stabilized LC cell. However, until 2005 there was no report on the study of the orientation of LC molecules in a surface-stabilized LC cell by EPR spectroscopy. 30 The present authors reported for the first time the molecular orientation in the N and N* phase of 18b confined in surface-stabilized LC cells ( Figure 10 ) [27] . First, the angular dependence of g-value for the N and N* phases of (±)-18b and (S,S)-18b, respectively, was measured by EPR spectroscopy. For the N phase of (±)-18b, the angular profile of the vertically rubbed cell was flat, while that of 10 horizontally rubbed cell oscillated significantly (Figure 11a ). In contrast, for the N* and crystalline phases of (S,S)-18b, the angle profiles of both rubbed cells were almost identical (Figure 11b , c). These experimental results can be explained by the orientation models shown in Figure 12 . In the LC phases, the rotation axis fluctuates from the director (the average direction of the molecular long axis). To take this 15 fluctuation into account, g// was defined as the ensemble g-value observed when the magnetic field is applied parallel to the director and g⊥as the ensemble g-value observed when the magnetic field is applied orthogonally to the director. chemical Society.
The orientation model for the N phase of (±)-18b indicates that the LC molecule rotates around the long axis of the molecule, which is aligned with the rubbing direction on the cell surface, and that the direction of the long axis is uniform throughout the cell (Figure 12a ). Since the angle between the magnetic field 5 direction and the long axis of the molecule varies between 0 and 90°for the horizontally rubbed cell (▲), g// or g⊥is alternately observed. For the vertically rubbed cell (○), g⊥is observed constantly since the magnetic field is always orthogonal to the director.
The orientation model for the N* phase of (S,S)-18b indicates that the LC 10 molecule rotates around the long axis of the molecule, which aligns with the rubbing direction on the cell plane, and that the long axis between the two cell planes rotates to form a helical superstructure (Figure 12b ). The agreement between the angular profiles of horizontally and vertically rubbed cells is due to this helical superstructure. 15 To determine the g// and g⊥ values, the temperature dependence of the g-value was measured for the N phase of (±)-18b confined in a horizontally rubbed cell at the angles of 0 and 90° (Figure 13a ). The temperature dependence of the g-value followed the Haller equation [31, 32] 
where T is the temperature (K), T* is the transition temperature (K) between the N 25 and isotropic phases, and  is the exponent parameter.
The solid curve in Figure 13a was calculated by assigning g// = 2.00456, g⊥= 2.00754, T* = 376K, and  = 0.136 to give the best fit with the experimental result. Furthermore, the same temperature profile of the order parameters S was obtained according to the following equations ( Figure 13b ). 30 S(T) = (g//(T)giso)/(g//-giso)
S(T) = (g⊥(T)giso)/(g⊥-giso)
Another approach was carried out to obtain g// and g⊥ by conducting a coordinate transformation of a set of principal g-values of a similar nitroxide molecule into the molecular long axis frame [27] . These calculated g values (g// = 2.00477, g ⊥ = 35 2.00744) are in good agreement with the g values obtained by the Haller fitting of the temperature-dependence experiment. Thus, the method described in this work has proved to be effective for the determination of the orientation and order parameters S of LC molecules based on the principal g-values (g// and g⊥). 40 In a similar manner, the molecular orientation in the SmC and SmC* phases of (±)-18c and (S,S)-18c, respectively, was determined by using a surface-stabilized LC cell [33] . 
X.4.2 Molecular orientation in the bulk N and SmC phases
LC nitroxide radical materials 18 with low viscosity, low phase transition temperature, and principal g-values of the nitroxide moiety are considered to be a good candidate for the studies on the -controlled molecular orientation by weak magnetic fields. Therefore, we determined whether the magnetic-field-induced molecular alignment in the LC phases of 18 was dominated by the para or dia, based on the quantitative evaluation of the para and dia values of 18.
First, the temperature-dependent para value of 18c was calculated to be -1.7 x 5 10 -6 emu mol -1 at 300 K from the g-value obtained by EPR spectroscopy, while the temperature-independent dia value was calculated to be +6.5 x 10 -5 emu mol -1 from the experimental molar magnetic susceptibility (M) of (±)-18c measured on a SQUID magnetometer [28] . Thus, |dia| turned out to be 30 times larger than |para|; the molecular alignment of 18c by magnetic fields is definitely dia-10 controlled, if the orientation restriction due to the surface is weak.
To identify the direction of molecular alignment in the bulk LC state under a weak magnetic field, the temperature dependence of the experimental g-value (gexp) of (±)-18c was measured at a magnetic field of 0.33 T by EPR spectroscopy ( Figure  14 ) [28] . During the heating process, the gexp of (±)-18c was constant at around 15 2.0065 in the crystalline state, then increased at the crystal-to-SmC phase transition, became constant at around 2.0068 in the SmC phase, then decreased abruptly to 2.0058 at the SmC-to-N phase transition, and finally returned to the level (~ 2.0065) of the crystalline state in the isotropic phase. During the cooling process, the gexp of (±)-18c was constant at around 2.0065 in the isotropic phase, then decreased at the 20 Iso-to-N phase transition, became constant at around 2.0055 in the N phase, then increased to 2.0063 at the N-to-SmC phase transition, and finally increased to 2.0067 in the crystalline state. From these results and the calculated principal g-values (giso=2.00632, g//=2.00540, g⊥=2.00678) of 18c, it was concluded that i) in the N phase the majority of molecules align their long axis along the applied magnetic field of 0.33 30 T (Figure 15a ), whereas in the SmC phase during the heating process the molecular short axis is fairly parallel to the field (Figure 15b ), most likely due to the viscous layer structure and the natural homeotropic anchoring effect by quartz surface, and ii) that the molecular alignment in each LC phase is influenced by that in the preceding LC phase, although the molecular orientation modes are quite different 35 between the N and SmC phases. 
X.4.4.1 Magneto-LC effects observed in the bulk LC state
To investigate whether there are appreciable intermolecular magnetic interactions in the LC phases of nitroxide radical materials 18 with negative dielectric anisotropy ( < 0), the temperature dependence of EPR spectra was measured for 18c (m=n=13) and 18d (m=n=8) [29] . EPR spectroscopy is the much better means than 10 SQUID magnetization measurement to measure the temperature dependence of the para for LC nitroxide radical materials at high temperatures. This is due to the following four reasons: (i) The para can be derived from the Bloch equation by using the parameters obtained from the EPR differential curves, such as maximum peak height (I'm and -I'm), g-value (g) , and peak-to-peak line width (Hpp). where µB is the Bohr magneton, h is Planck's constant, ν is the frequency of the absorbed electromagnetic wave, and H1 is the amplitude of the oscillating magnetic field. Accordingly, the temperature dependence of relative paramagnetic susceptibility (rel), which is defined as
where 0 is the standard paramagnetic susceptibility, e.g., at 30°C in the heating run can be actually used ( Figure 16 First, the temperature dependence of rel for (±)-18c and (S,S)-18c (88% ee), and (±)-18d (96% ee) and (S,S)-18d was studied [29] . All of these four samples showed a considerable net rel increase at each Cr-to-LC phase transition in the heating run, similarly to the case of SQUID magnetometry (Figure 16 ) [29, 30] . In combination with the experimental results on the magnetic field dependence of magnetization measured by SQUID magnetometry for these four LC phases of 18c and 18d, it was concluded that a sort of spin glass-like inhomogeneous ferromagnetic interactions 5 induced by weak magnetic fields should operate in the various LC phases. This unique magnetic property, which was referred to as positive "magneto-LC effects" (average spin-spin interaction constant, J > 0 ) [34] , proved to have nothing to do with the molecular reorientation effect arising from the simple molecular magnetic anisotropy () [29] . To gain an insight into the origin of the positive magneto-LC effects operating in 20 the LC phases of 18c and 18d, the temperature dependence of Hpp and g-value was compared with that of rel for these four samples (Figure 17 ) [29] . This is because (1) the change in Hpp reflects the following two competing factors, (a) spin-spin dipole interaction (the stronger the interaction is, the more the Hpp increase is) and (b) spin-spin exchange interaction (the stronger the interaction is, the more the Hpp 25 decrease is) and (2) the change in g-value corresponds to that in the molecular orientation in the magnetic field. Consequently, the rel increase was accompanied by the Hpp increase and the g-value decrease at each crystal-to-LC phase transition for (S,S)-18c, (±)-18d and (S,S)-18d in the heating run (Figure 17f-h) , indicating the generation of the most stable ferromagnetic head-to-tail spin-spin dipole interactions in the LC phases, irrespective of the g-value change (Figure 18 ). On the other hand, although the Hpp decrease was observed with the rel increase at the crystal-to-SmC phase transition for (±)-18c in the heating run (Figure 17e ), this phenomenon can be interpreted in terms of generation of the large spin-spin exchange interactions, together with ferromagnetic head-to-tail spin-spin dipole interactions. To clarify the relationship between the sign ( J > 0 or J < 0) and magnitude of magneto-LC effects and the sign ( < 0 or  > 0) of dielectric anisotropy, a new LC material 19 with positive dielectric anisotropy ( < 0) was synthesized. Interestingly, strong positive magneto-LC effects ( J > 0) operated in the N* phase 5 of (S,S)-19 (96% ee), whereas weak negative magneto-LC effects ( J < 0) were observed in the N phase of (±)-19 ( Figure 19 ) [34] .
To gain an insight into the origin of the negative or positive magneto-LC effects ( J < 0 or J > 0) operating in the N phase of (±)-19 or in the N* phase of (S,S)-19, the temperature dependence of Hpp and g values was compared with that of rel for 10 these samples. In the case of (±)-19, a slight increase in Hpp occurred in concert with the slight decrease in rel at the Cr-to-N transition in the heating run, irrespective of the g-value change, indicating the increase of spin-spin dipole interactions in the N phase of (±)-19. Accordingly, it is quite natural to consider that the negative magneto-LC effects operating in the N phase of (±)-19 originate from 15 the generation of antiferromagnetic interactions due to the local SOMO-SOMO overlapping in the strong RS magnetic dipolar interaction in which the side-by-side spin-spin dipole interactions should dominate (Figure 20b ).
In contrast, at the Cr-to-N* transition of (S,S)-19, both Hpp and rel distinctly increased without no molecular reorientation in the magnetic field, reflecting the 20 dominant generation of the energetically favoured ferromagnetic head-to-tail spinspin dipole interactions, as observed in the N* phase of (S,S)-18d ( Figure 20a ). mm) in which the inner surfaces of two glass substrates with indium tin oxide (ITO) electrodes were coated with polyimide polymer (Figure 21 ). The magnetic field was applied perpendicular to the electric field and parallel to the rubbing direction ( Figure 22d ). 5 Figure 21 . Experimental setup to monitor variable-temperature EPR spectra of (S,S)-18c using a long sandwich cell. First, the existence of ferroelectric bistable state was confirmed in an EPR cavity at a magnetic field of 0.33T by evaluating the electric field dependence of g value (Figure 22a ). The experimental g value (gexp) of (S,S)-18c exhibited a hysteresis loop between +25 V and -25 V. Since the g// and g ⊥ values of 18c were previously 5 determined to be 2.0054 and 2.0068, respectively [28] , the gexp value (2.0057) at -25V seems to reflect a large contribution of g//, suggesting that the molecular long axis of (S,S)-18c aligns almost parallel to the magnetic field (Figure 23a ). Reduction of the electric field to 0 V did not change the molecular orientation owing to its sufficient ferroelectric memory effect. Meanwhile, the gexp value (2.0063) at +25V 10 indicates that the molecular long axis of (S,S)-18c is fairly tilted from the direction of the magnetic field (Figure 23b ). Thus, (S,S)-18c has proved to take a surface stabilized ferroelectric bistable state between +25 V and -25 V.
The electric field dependence of rel for (S,S)-18c showed a hysteresis loop between +25 V and -25 V (Figure 22b ). Since the molecular long axis is parallel to 15 the magnetic field at -25 V, the spin easy axis in the ferroelectric LC phase of (S,S)-18c has proved to lie along the molecular long axis.
To gain an insight into the origin of the anisotropic positive magneto-LC effects ( J > 0) operating in the ferroelectric LC phase of (S,S)-18c, the electric field dependence of Hpp was compared with that of rel for (S,S)-18c (Figure 22b,c) . If 20 the rel change results from the spin-spin exchange interaction, the experimental Hpp would decrease with increasing rel. However, the observed Hpp increased or decreased with increasing or decreasing rel, respectively. This result suggests that the observed electric field dependence of rel primarily should arise from the change in the spin-spin dipole interaction. There are two types of spin-spin dipole 25 interactions; one is a head-to-tail type and the other is a side-by-side type ( Figure  18 ). Since the ferromagnetic head-to-tail dipole interaction is energetically favored over the antiferromagnetic side-by-side dipole interaction, it is easily envisaged that two interacting spins should take different head-to-tail configurations at -25 V and +25 V in the ferroelectric SmC* phase of (S,S)-18c ( Figure 23) ; the spin-spin dipole 30 interaction at -25 V was stronger than that at +25 V, leading to the higher rel value at -25 V than that at +25 V (Figure 22b,c) . Thus, the existence of spin easy axis in the ferroelectric SmC* phase of (S,S)-18c has been proved; strong spin-spin dipole interactions operated when the magnetic field was applied parallel to the molecular long axis. Figure 23 . Spin-spin interactions between localized spins in the ferroelectric SmC* phase. The molecular long axis is (a) almost parallel to the magnetic field at -25V and (b) tilted from the direction of the magnetic field at +25V.
X.5 Conclusions
The recent advance in our EPR studies concerning the following molecular orientation and magnetic properties with respect to the various rod-like LC phases of the secondgeneration of organic nitroxide radical materials 18 and 19 in the bulk state or in a 5 surface-stabilized LC cell is briefly reviewed; (1) the determination of the principal gvalues (g// and g⊥) of 18 and the molecular orientation in the N phase of 18 confined in a surface-stabilized LC cell by EPR spectroscopy, (2) the determination of the magneticfield-induced molecular orientation in the bulk nematic and SmC phases of 18 by EPR spectroscopy, (3) the first observation by EPR spectroscopy of the positive magneto-LC 10 effects ( J > 0) induced by weak magnetic fields in both chiral and achiral rod-like LC phases of 18 with negative dielectric anisotropy ( < 0), together with the positive and negative magneto-LC effects ( J > 0 and J < 0) in the chiral and achiral N phases of 19, respectively, with positive dielectric anisotropy ( > 0), and (4) the proof of the existence of anisotropy in the intermolecular ferromagnetic interactions responsible for 15 the positive magneto-LC effects by measuring the electric field dependence of molecular orientation and magnetic interactions in a surface-stabilized ferroelectric LC cell of 18 showing an chiral SmC* phase, by EPR spectroscopy. In this way, EPR spectroscopy turned out to be an excellent tool for analyzing the temperature dependence of the para for organic nitroxide radical LC phases at high temperatures, for which SQUID 20 magnetization measurement is not suited. Furthermore, it is of great advantage to be able to use EPR spectroscopy for evaluating the microscopic dynamic behavior of molecules and magnetic interactions (spin-spin interactions) in the nitroxide radical LC phases.
In the near future, the EPR techniques employed here would be applied to the characterization of novel metal-free magnetic soft materials, such as ionic liquid crystals, 25 micelles, emulsions, and gels which will be developed on the basis of the nitroxide radical chemistry. 
